Purpose: This study aimed to evaluate the relationships between 99mTecnicium-dimercaptosuccinic acid (DMSA) scan findings and clinical parameters including age and fever duration. Methods: The positive rates for abnormal DMSA scans were analyzed according to the age of patients, fever duration prior to admission, and total fever duration. DMSA scan findings were divided into 3 categories: single defect, multifocal defects, and discrepant defects. We evaluated the detection rates of vesicoureteral reflux according to DMSA scan lesions. Results: Among a total 320 cases, 141 (44.1%) had abnormal DMSA scans. The in fant group (0-1 year of age) had a shorter total fever duration, and a lower Creac tive protein (CRP) value and DMSA positive rate (39.8% vs. 60.6%, P=0.002) com pared to children group (2-15 years of age). Patients with abnormal scans had a longer total fever duration and higher CRP compared to those with normal scans. The positivity rate of abnormal scans did not differ between the patients with a short fever duration prior to admission of ≤2 days and those with longer fever du ration of ≥3 days. However, patients with longer total fever duration had a higher rate of abnormal DMSA scans (P=0.02). Among cases with a single defect, multi focal defects, and discrepant defects, vesicoureteral reflux was observed in 22.4%, 60% and 70.6% of cases, respectively (P=0.004). Conclusion: Although DMSA scan has limitations in early diagnosis, DMSA scan findings may aid in the prediction of the severity of systemic inflammation and detection of vesicoureteral reflux.
Introduction
Acute febrile urinary tract infection (UTI) or acute pyelonephritis (APN) may be the most common systemic bacterial infection in childhood, especi ally in infants 1) . Childhood APN has unique demographic characteristics; it mainly affects infants (01 year of age) with a male predominance; and after 2 years of age, female predominance has been noted 2) . It is suggested that the immature immune status of infancy is related to the pathogenesis of APN 3) . Although the pathogenesis of renal cell injury in APN remains unknown, it is believed that APN has a focus in the renal parenchyma, where uropatho gens replicate extracellularly and produce toxic substances against the renal cells. Therefore, imaging studies such as 99mTechnetium dimercaptosuccinic acid (DMSA) scan, renal ultrasono graphy, and occasionally computed tomography (CT) have been used to detect the focus of APN 4) . Many studies have reported that the DMSA scan aids in the detection of renal parenchymal lesions. However, the detection rates during the acute stage of the first febrile APN vary among study groups, and they are lower in in fants compared to older children 5) . Moreover, it is known that abnormal findings on DMSA scans are found more often in patients with vesicoureteral reflux (VUR) than in those without VUR, and the positive rate correlates with the severity of VUR 6) . These findings suggest that the im mune status of the host, size of the focus, i.e., severity of inflammation, and anatomical defects in kidneys may be associated with positive findings for abnormal defects in DMSA scans 3) . The main risk factor for recurrent APN is believed to be VUR, and early detection of VUR through voiding cysto urethrogaphy (VCUG) may be helpful to prevent recurrent renal cell injury and subsequent chronic kidney disease 7) . However, it is not recommended to perform such invasive study in all patients diagnosed with first APN, and the role of a DMSA scan as substitute method for VCUG or in iden tification of patients requiring VCUG is also controversial 8, 9) . The aim of this study was to evaluate the rela tionships between abnormal findings on DMSA scan and clinical parameters, in order to aid in the interpretation of the lesions observed on the scan, and to understand its role in detec ting VUR, and showing the extent of inflammation in childhood APN.
Materials and methods
This was a retrospective study in children aged 15 (measured based on tympanic temperature), and the first day of fever onset was regarded as the first day of illness. All subjects underwent DMSA scan and renal ultrasono graphy (US) during hospitalization. A DMSA scan was performed according to the standard protocol at mean 2.8±1.2 days after admission (range 26 days). Four static images obtained in the anterior, posterior, right posterior oblique, and left posterior oblique projections were used for analysis. A positive DMSA scan was defined as the pre sence of decreased radioactive cortical uptake in one or both kidneys. In addition, >10% difference in the cortical uptake density between the two kidneys and/or a different size or shape of both kidneys were defined as discrepant lesions. All subjects were divided into 3 groups depending on their DMSA scan findings: a single defect, multiple defects (more than 1 defect) in one or both kidneys, and discrepant defects. On renal US, abnormal findings in cluded dilatation of the collecting system (pelvic diameter ≥4 mm) and hydronephrosis, difference in renal size of >10%, ureteral dilatation, or an increase in echogenicity. The severity of hydronephrosis was defined according to the Society for Fetal Urology classification. Voiding cystou rethrography (VCUG) was not routinely performed. Indi cations for performing VCUG during the study period were as follows: severe abnormal US findings (>grade II), abnormal DMSA imaging and US findings, or multiple defects and/or discrepant defects in the DMSA scan. None of the male patients were circumcised, and there were 25 patients with recurrent UTI with/without urologic malfor mations, and only the data obtained from the first episode were included in this study. This study was approved by the institutional review board of Daejeon St. Mary's Hos pital, College of Medicine, The Catholic University of Korea. 
Statistical analysis

Results
Among a total of 593 children admitted for pyuria and fever at The Catholic University of Korea Deajeon St. Mary's Hospital between January 2005 and December 2015, 320 patients with APN met the inclusion criteria.
Comparison of clinical and laboratory indices
between the infant and children groups Of the total 320 subjects, 230 patients were less than 1 year old (162 male and 68 female patients), 24 patients were 1 year old (11 male and 13 female patients), and 66 patients were aged between ages 215 years. The infant group (01 year old) had a distinct predilection for APN (79.4%, 254/ 320) with male predominance (2.1:1, 173/81). The number of patients in the children group (215 years old) was rela tively even throughout each age, with female predominance (1:5, 11/55).
The clinical and laboratory indices were compared bet ween the infant group and the children group. The fever duration prior to admission (2.6 vs. 3.2 days, P=0.03) and total fever duration (3.6 vs. 5.2 days, P<0.001) were signifi cantly greater in the children group, suggesting that the children group had a more severe degree of inflammation caused by APN compared to the infant group. There were no differences in urinalysis, including nitrite positivity in both groups. CRP value (6.3 mg/dL vs. 8.5 mg/dL, P=0.01) was higher in the children group, but ESR was not different in both groups. Other laboratory indices such as WBC dif ferentials (neutrophil, lymphocyte, and monocyte), hemo globin, platelet, total protein, and albumin were different between the groups, but some of these parameters might be in part affected by the patients' age. The infant group showed a lower rate of DMSA positivity (39.8%) compared to the children group (60.6%, P=0.002) ( Table 1) .
between the DMSA positive and negative groups Among the total 320 patients, 141 patients had a positive DMSA scan (44.1%). We compared the clinical and labora tory indices of the subjects according to DMSA positivity. There were no differences in maletofemale ratio, fever du ration prior to admission (2.9 days vs. 2.7 days), the dura tion from the day of admission to the date of examination of a DMSA scan (2.7 days vs. 2.9 days), and urinalysis fin dings. However, the DMSA positive group was older, and had a longer total fever duration (4.5 days vs. 3.5 days, P< 0.001) and a higher WBC (18900/mm 3 vs 14,800/mm 3 , P< 0.001) with higher neutrophil differential, CRP (8.0 mg/dL vs. 5.8 mg/dL, P=0.001), and total protein (6.6 g/dL vs. 6.3 g/dL, P=0.002) values compared to the DMSA negative group. These findings suggest that the DMSA positive group www.chikd.org had a more severe degree of inflammation caused by APN (Table 2) .
DMSA scan positive rates according to fever duration
The patient group with abnormal defects on DMSA scans had a longer total fever duration and a higher laboratory indices including CRP value; therefore, we analyzed the positivity of a DMSA scan according to fever duration. There were no differences in the percentage of patients with a positive DMSA scan between patients who had a fever duration of ≤2 days prior to admission (40.9%, 72/176) and those with a longer fever duration (≥3 days, 47.9%, 69/144) (P=0.15). With respect to the total fever duration, subjects were classified into 3 groups: patients with a fever duration of ≤4 days, those with a fever duration of 57 days, and those with a fever duration of ≥8 days. There was a statistical sig nificance for a higher DMSA scan positive rate in patients with a longer total fever duration (39.5 %, 52.2 %, and 60.7 %, respectively, P=0.02). When we analyzed the type of defects seen in the DMSA scan according to fever duration, patients with a fever duration ≥8 days had only a single defect, and no multiple defects or discrepant defects (Table  3) .
VCUG positive rate according to the type of defects
on DMSA scan The VCUG positive rates in patients with a single defect, those with multiple defects, and those with discrepant defects were 22.4% (11/49), 60% (9/15) and 70.6% (12/17), respectively (Fig. 1) . Patients with discrepant defects or multiple defects showed a significantly higher VCUG posi tive rates compared to those with a single defect (P=0.04 and P=0.04, respectively). There was no difference between the multiple defect and discrepant defect groups. With re spect to the severity of VUR, there were 7 patients with mild VUR (grades I, II, and III) and 4 patients with severe VUR (grades IV and V) among the patients with a single defect, and there were 6 patients with mild VUR and 3 patients 
Discussion
In this study, we reconfirmed the fact that the majority of APN patients (79.4%) were infants (01 year of age) with a male predominance (2.1:1), and children aged >2 years showed a marked female dominance (1:5). These demo graphic characteristics of APN are so unique that it is diffi cult to find similar phenomena in other infectious diseases or infectionrelated immune mediated diseases. It may be in part explained by the fact that an immature immune status during infancy may be associated with the pathoge nesis of the disease. Interestingly, in contrast to other ex ternal pathogen infection such as tuberculosis and malaria 10, 11) , infants with APN in this series may have milder phe notypes compared to children, since the infant group had a shorter total fever duration, lower CRP value and DMSA scan positivity compared to the children group. It is possible that febrile infants with APN visited the hospital earlier and received early antibiotic treatment or the bacterial uropa thogens in APN, including E.coli, are not external patho gens but they originate from the host 3) . DMSA is the agent of choice for renal scan (renal cortical scintigraphy). It is suggested that DMSA may bind to pro ximal tubule cell receptors through receptormediated endocytosis 12) . Since renal tubule cell receptors may have affinity for various substances from the glomerular ultrafil trates or the local circulation, it is possible that some sub stances produced from the pathologic lesion(s) compete to binding sites. Also, it is possible that anatomical abnorma lities affecting urinary flow or local circulation in the paren chyma of the kidneys may interfere with DMSA bin ding to renal tubular cells.
In the present study, the positive rate of a DMSA scan was 44.1%. Other studies have reported various DMSA scan positive rates ranging from 32% to 79% 1221) . However, the discrepant results in these studies may be influenced by the following factors: heterogeneity in the age of the sub jects, indications for a DMSA scan, time between diagnosis of APN and performance of DMSA scan, diagnostic criteria for DMSA scan, and patient selection biases. These findings indicate that DMSA scan has a limitation in detecting the pathologic lesions in the renal parenchyma, especially in infants, although it is certain that older children with APN and patients with VUR showed higher DMSA positivity.
Since it is believed that all patients with APN may have a focus where uropathogens replicate and produce inflam matory mediators, it is possible that patients with a negative DMSA scan may have small lesions in the early stage of APN, or it is more likely that they may have a lesion which produces lesser amounts of substances affecting DMSA binding to renal tubular cells. In this series, patients with positive DMSA scan had a longer total fever duration (4.5 days vs. 3.5 days) and higher values of inflammatory indices, including WBC, CRP and ESR, compared to patients with negative DMSA scan. Other studies have also reported that patients with positive DMSA scans had higher maximum temperature 17, 22) , prolonged fever duration (therapeutic delay time) 14, 16, 18) , or severe laboratory values such as CRP and procalcitonin 14,18,19,20.22) . Furthermore, we found that DMSA scan positivity was not associated with fever dura tion prior to admission (2.9 days vs. 2.7 days), but patients with a longer total fever duration had a higher DMSA scan positi vity. Interestingly, all patients with a fever duration of ≥8 days had a single defect on their DMSA scans, and none of the patients had multifocal defects or discrepant defects in this series. Our results suggest that all patients may have a lesion in the renal parenchyma in the beginning of the dis ease onset and patients with lesions which produce more in flammatory mediators that affect the DMSA scan experi ence more severe systemic inflammation, and that multiple defects or discrepant defects on a DMSA scan may be asso ciated with anatomical abnormalities in the renal paren chyma.
VUR is an important factor that causes recurrent UTI and occasionally subsequent chronic kidney disease. How ever, VCUG for detecting VUR is not recommended for all patients with the first episode of APN because of several disadvantages such as the invasive method of study, radia tion exposure, and low sensitivity. In general, VCUG is re commended in cases with risk factors such as positive renal US findings or DMSA scans 23, 24) . We performed VCUG in selected patients who had severe abnormal findings on the US and/or DMSA scan. The positive rate of VUR in this study was 39.5 % (32 cases/81 cases examined). The reported rates of VUR in patients with the first febrile UTI also ranged from 13% to 62% across studies 1318, 20, 21) . In these reports, the study results obtained from selected patients and those from all (unselected) patients with APN showed similar varia tions, suggesting that VCUG should only be performed in patients who are selected by severe abnormal findings on US and/or DMSA scan. In the present study, we classified DMSA lesions into 3 different types of cortical defects: single defect, multiple defects, and discrepant defects, and we found that the pattern of cortical defects seen on DMSA scan may indicate the presence of VUR. Patients with a single defect showed lower VUR positive rate (22.4%) and patients with multiple defects or discrepant defects showed higher VUR positive rates (60% and 70.6%, respectively). Furthermore, patients with a high grade (grades IV and V) VURs were more frequently observed in the discrepant groups compared to that in patients with a single defect. Other studies regarding the prediction of VUR based on DMSA scan findings have also reported that patients with a positive DMSA scan had higher VUR rates compared to those without DMSA defects 13, 15, 18, 21) , and inversely, it could be interpreted that patients with a more severe VUR had a higher positivity and more severe DMSA scan findings. These findings also suggest that multiple defects or discre pant defects on a DMSA scan may be associated with ana tomical abnormalities of the kidney rather than inflamma tory pathologic lesions.
This study has some limitations. This study was conducted at a single center, and it was carried out retrospectively. This study did not include all febrile UTI patients admitted du ring the study period because of our definition of APN. Thus, patients who had pyuria and a positive urine culture but a CRP value <2 mg/dL were excluded. The excluded patients were mostly infants who had a relative short fever duration prior to admission (12 days).
In conclusion, infants with APN may have milder phe notypes compared to children due to possibly early treat ment. The positive rate of a DMSA scan was 44.1% of the subjects, and patients with positive DMSA were older, and had a longer total fever duration and a higher CRP value. However, there was no association between DMSA positi vity and fever duration prior to admission. Multifocal or discrepant cortical defects on DMSA scan are related to a higher rate of VUR. These findings suggest that certain inflammatory mediators produced by a lesion or anatomical abnormalities in the renal parenchyma may be reflected in DMSA scan findings. Although DMSA scan has limitations in early diagnosis of APN, DMSA scan findings may aid in the prediction of the severity of systemic inflammation and detection of VUR.
